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ABSTRACT 45 
Aims : Erythrocyte complement regulatory proteins, complement receptor 1 (CR1) and decay 46 

accelerating factor (CD55) protect red blood cells (RBCs) from complement mediated damage 47 

by controlling  complement activation cascade and potentially protect RBCs from complement 48 

mediated damage that may occur when immune complexes are formed following malaria 49 

infection. Given the important role of RBCs in regulation of complement activation, we 50 

considered the competence of sickle cell trait RBCs in these functions.  51 

Methods:  Children (age 0-192 months; n=116) were enrolled in a nested case controlled study 52 

conducted in Kombewa Division, Kisumu west District between October and December 2004. 53 

Based on hemoglobin (Hb) type, children were stratified into those with HbAS (n=47) and HbAA 54 

(n=69). The 47 HbAS individuals were matched to the 69 HbAA individuals of similar age (± 2 55 

months or ± 24 months for those below or more than 192 months, respectively) at a ratio of 1:1 56 

or 1:2. Circulating CR1 levels and CD levels were quantified using a FACScan cytometer under 57 

normal and reduced oxygen saturation. 58 

Results:  The mean CR1 copy numbers per RBC was comparable in the two groups. However, 59 

between the ages of 49-192 months,  the mean CR1 copy numbers per erythrocyte was 60 

significantly higher in children who had HbAS compared to those with HbAA (P = 0.0332). The 61 

mean CD55 levels were comparable between the two groups but after deoxygenation, the mean 62 

CD levels in RBCs of individuals with HbAS was significantly higher than in the HbAA (P=0.011)   63 

Conclusion : The mean CR1 and CD55 copy numbers per RBC were comparable between the 64 

two groups under normal and reduced oxygen saturation. Beyond the age of 49 months, the 65 

CR1 copy numbers was higher in the HbAS compared to HbAA and this was also true for CD55 66 

levels under deoxygenated conditions.  Taken together, these results demonstrate that in the 67 

younger age groups, the protection afforded by HbAS against severe manifestations of malaria 68 

may be due to other factors other than complement regulatory proteins but beyond the age of 69 

49 months, this protection may be partly due to the high CR1 copy numbers in the HbAS 70 

individuals. 71 

1. BACKGROUND 72 

The erythrocyte complement regulatory proteins, Complement Receptor-1 (CR1), Decay 73 

Accelerating Factor (DAF/CD55) and Membrane Inhibitor of Reactive Lysis (MIRL/CD59) are 74 

important in protecting RBCs from complement mediated damage and in controlling the 75 

complement activation cascade. Erythrocyte CR1 and CD55 are important determinants of 76 



 

 

malaria susceptibility [1-3]. The interaction of P.falciparum Erythrocyte Membrane Protein-1 77 

(PfEMP-1) expressed on P. falciparum infected cells with CR1 on uninfected erythrocyte results 78 

in rosetting leading to obstruction of  blood flow and hence cerebral malaria [1]. Rosetting has 79 

been shown to be more common in isolates from children with complicated malaria and its 80 

frequency is lower in isolates from blood group O patients than from blood group A or B [4, 5]. 81 

RBC CR1 deficiency is common in malaria –endemic region of Papua New Guinea and 82 

heterozygotes for the CR1 low-expressions allele (HL) are significantly protected from severe 83 

malaria possibly through reduced rosetting [6]. The selection of rosette reducing polymorphisms 84 

in populations with high malaria mortality is strong evidence that CR1-mediated rosetting plays 85 

a causal role in the pathogenesis of severe malaria [6]. 86 

Studies carried out in Western Kenya where malaria is holoendemic and malarial anaemia is the 87 

main manifestation of severe malaria in children have suggested that low CR1 and CD55 levels 88 

on red cells of severe malarial anaemia cases increase their susceptibility to phagocytosis and 89 

complement mediated lysis [2, 3]. The CR1 and CD55 levels were shown to be corrected with 90 

treatment and transfusion and remained high long after the maximum expected lifespan of the 91 

donor RBCs suggesting that these changes were acquired [2, 3]. In Thai patients with severe 92 

malaria, a significant higher frequency of the Low expression genotype [LL] was observed. The 93 

LL genotype is associated with decreased CR1 copy numbers per erythrocyte and this may 94 

result in decreased clearance rate of immune complexes from the circulation which then 95 

predisposes one to malaria through increased deposition of immune complexes on red cells [7].  96 

There is epidemiologic evidence that children with sickle cell trait are protected from  severe 97 

manifestations of malaria in malaria endemic areas [8-10]. HbAS has been shown to protect 98 

against severe malarial anaemia, high density parasitemia and to be associated with reduced all 99 

cause mortality between the ages of 2 to 16 months [11]. This also happens to be the age when 100 

children have the highest episodes of severe malarial anaemia [11].  The balanced 101 

polymorphism in the HbS-malaria relationship is thought to be maintained by higher mortality 102 

risk of HbAAs due to malaria and high mortality risk of HbSSs caused by complications of HbSS 103 

[12]. The HbS allele apparently does not prevent infection but results in impaired entry and 104 

growth of the parasites during the erythrocytic stage of development [13-16], enhanced removal 105 

of the parasitized variant RBCs [17] and reduced rosette formation [18]. When heterozygotes 106 

are infected, the merozoites, which have a high metabolic rate, consume a lot of oxygen and 107 

this leads to sickling under low oxygen tension. The spleen removes these sickled cells before 108 

the micro-organisms have a chance to produce a large infectious population in the body. It is 109 



 

 

this selective heterozygote advantage that maintains HbS gene at a higher level in malarial than 110 

in non-malarial environments [12, 17]. The prevalence of the sickle cell trait in Western Kenya is 111 

estimated to be approximately 17.4% [11]. This high level of sickle cell carrier state in this region 112 

is thought to be maintained by the high malaria prevalence [12]. 113 

1.1. Malaria, Sickle Cell Trait and the Complement System 114 

Erythrocyte complement regulatory proteins, CR1, CD55, and CD59 may protect RBCs from 115 

complement mediated damage that occur when immune complexes are formed during malaria 116 

infection [3, 19]. Children with severe malaria associated anaemia have been shown to have 117 

reduced immune complex binding capacity and increased susceptibility of their red cells to 118 

immune complex deposition and this may predispose their erythrocytes to complement 119 

mediated damage and phagocytosis [20]. On the other hand, HbAS individuals have been 120 

shown to have fewer episodes of severe malaria associated anaemia, reduced risk of anaemia 121 

episodes and reduced risk of high density parasitemia than their counterparts with HbAA [11].  122 

Severe P. falciparum malaria leads to the formation of immune complexes in the peripheral 123 

circulation and this increased circulation of immune complexes  has been associated with the 124 

development of severe anaemia [2, 21]. CR1 and CD55 protect RBCs from complement 125 

mediated damage that can occur when immune complexes are formed during malaria infection 126 

[19].  127 

Given the important role of RBCs in removal of immune complexes from circulation and in 128 

regulation of complement activation, it is therefore important to consider the competence of 129 

sickle cell trait RBCs in these functions. So far, the level of CR1 and CD55, the immune 130 

complex binding capacity and the susceptibility to complement in heterozygous carriers of the 131 

sickle cell gene has not been studied. There is strong evidence that the complement regulatory 132 

system machinery is important in the protection from the severe manifestations of malaria. The 133 

aim of this study was therefore, to study the same machinery in sickle cell trait to determine 134 

whether this could explain the protection from severe malaria. 135 

Complement activation plays an important role in immune defense against malaria infection [22-136 

24] and may also contribute to the disease severity if excessively activated [22, 25, 26] or if 137 

inappropriately controlled [27]. Indeed, complement factors have been associated with cerebral 138 



 

 

malaria [23, 25] and implicated in the pathogenesis of severe malarial anemia (SMA) through 139 

mechanisms leading to increased destruction of uninfected as well as infected RBCs [27-30]. 140 

Erythrocytes are normally protected from autologous complement attack through the action of 141 

various complement regulatory proteins, such as complement receptor 1 (CR1/CD35), decay 142 

accelerating factor (DAF/CD55) and membrane inhibitor of reactive lysis (CD59) expressed on 143 

these cells [31]. Recent studies have demonstrated age-related changes in the expression 144 

levels of the erythrocyte complement regulatory proteins; CR1 and CD55 [32] and associated 145 

deficiencies of these molecules with SMA [2]. Although complement regulatory proteins play an 146 

important role in preventing complement mediated erythrocyte destruction, they have not been 147 

investigated in association with protection of sickle cell traits against SMA. In this study, it was 148 

hypothesized that erythrocytes of individuals with sickle cell trait may have increased CR1 per 149 

erythrocyte and CD55 (DAF) which in turn causes increased rate of immune complexes 150 

clearance from the circulation and hence resistance to complement attack. To test this 151 

hypothesis, RBCs of individuals with HbAS and those with HbAA were examined for differences 152 

in CR1 and CD55 expression levels under both normal and reduced oxygen saturation from a 153 

cohort of individuals living in a malaria endemic region of western Kenya.  154 

2. MATERIALS AND METHODS 155 
2.1. Study site and design 156 

The study site was Kombewa Division, in Kisumu West District, Nyanza Province, in Western 157 

Kenya. Kombewa is situated about 35 kilometres west of Kisumu town and has previously been 158 

used as a site for many epidemiological studies in both adults and children [33, 34].  159 

Kombewa borders Lake Victoria and has a population of about 65,000 people. Malaria 160 

transmission in this area occurs all year round with peak seasons following the long rains 161 

(March to May) and the short rains (October to December). The annual inoculation rates are 162 

estimated to be 31.1 infective bites per person per year [34].  163 

2.2 Study population 164 

Forty seven (47) HbAS individuals aged 0-192 months were matched to 69 individuals with 165 

HbAA of similar age (± 2 months or ± 24 months for those below or more than 96 months, 166 

respectively) at a ratio of 1:1 or 1:2. Since many acute or chronic conditions including malaria [2, 167 

3, 27, 35], HIV infection [36] and others [37] are known to interfere with the parameters under 168 

investigation such as complement regulatory proteins, the exclusion criteria included evidence 169 



 

 

of malnutrition, immuno compromised status, severe anemia (Haemoglobin ≤ 5.0 g/dL); 170 

bacterial infection such as pneumonia; malignancy; and blood transfusion within 3 months 171 

preceding the study. In cases of an acute illness, the potential participants were assessed, 172 

treated and asked to come again for re-evaluation. At re-evaluation, the potential participants 173 

were enrolled when they were deemed well.  174 

2.3 Ethical consideration 175 

Recruitment of study participants and procedures were in accordance with all applicable 176 

regulations. Informed consent was obtained from all participants or parents/guardians of 177 

children. This study was reviewed and approved by the Kenya National Ethical Review 178 

Committee of the Kenya Medical Research Institute and by the Human Subjects Research 179 

Review Board of the Office of the Surgeon General, U.S. Army.  180 

2.4 Deoxygenation of the RBCs for Assay 181 

An equal amount of RBCs in wash buffer was added to freshly prepared disodium hydrogen 182 

phosphate (Na2HPO4, FW 142g) 0.114M and sodium dithionite (Na2S2O4 FW 174.1g) 0.114M at 183 

a ratio of 2:3, filter sterilized through a 0.22um filter [18]. The disodium hydrogen phosphate was 184 

prepared from a stock solution while the sodium dithionite was prepared fresh every day. The 185 

RBCs were incubated at 37ºC for 1 hour and then washed twice with wash buffer before running 186 

the assays side by side. This duration of treatment with the dithionite was found to give the 187 

maximal sickling for HbAS RBCs. This procedure was done to see the effect of reduced oxygen 188 

saturation on the parameters under investigation     189 

 190 
 191 
2.5 Staining of Red Blood Cells for CR1 and CD55 192 

Venous blood (2.5 mL) was collected in ethylenediaminetetraacetic acid (EDTA) vacutainers 193 

(Becton Dickinson, USA). A 1:50 dilution of RBC pellet in Alsevers buffer was made from EDTA 194 

anticoagulated blood samples, centrifuged at x500g for five minutes and a portion resuspended 195 

in the same volume of buffer for storage at 4º C until used. The remaining pellet was washed 196 

with ten volumes of phosphate buffered saline pH 7.4 (PBS) and resuspended in the glycerolyte 197 

(50% glycerol, 16g/L sodium lactate, 300mg/L KCL, 25mM sodium phosphate pH 6.8) for cryo-198 

preservation [38], stored at -70º C freezer overnight then transferred to liquid nitrogen until use. 199 



 

 

Since our preliminary experiments reported no significant effect of freezing on the levels of 200 

erythrocyte CR1 and CD55, current investigations were carried out using cryo-preserved 201 

samples. For the determination of CR1 and CD55, the following primary antibodies were used in 202 

dilution of 1:20: anti-CR1 clone E11, anti-CD55 clone IA10, and isotype controls for each 203 

(Becton-Dickinson, Belgium). A secondary FITC-conjugated goat anti-mouse IgG (Becton-204 

Dickinson, Belgium) was used at a dilution of 1:50. Ten µL of thawed erythrocyte pellet was 205 

washed twice in 1mL of Alsevers buffer and resuspended in the same volume of buffer. The rest 206 

of the procedures were done as previously described [3, 32]  207 

2.6 Flow Cytometric Analysis 208 

Flow cytometry was carried out using a FACScan  cytometer (Becton-Dickinson, San Jose, CA, 209 

USA). Analysis was carried out using FCS Express v2.5 (De Novo Software, Los Angeles, CA). 210 

Red cells were gated on the basis of their forward and side scatter characteristics using 211 

logarithmic amplification. As an internal measure of consistency, all assays were done in 212 

parallel to RBCs from a healthy aparasitemic subject who acted as a positive control for 213 

complement regulatory proteins. The mean fluorescence intensity (MFI) values for CR1 and 214 

CD55 were normalized to the mean of the MFI of the red cell standard using the formula 215 

CorrMFIs = MFIs x MFIcmean/MFIc, 216 

Where “CorrMFIs and MFIs are the corrected and uncorrected sample MFI respectively, 217 

‘MFIcmean” is the mean of all the MFI values of the standard control, and “MFIc” is the MFI of 218 

the control obtained in parallel with the sample.  219 

The number of molecules of CR1 per red cell was derived from a fluorescence standard curve 220 

created using cells with known CR1 numbers. Red cell anti-CD55 antibody binding capacities 221 

(ABC) were derived from a standard curve created using beads of known ABC (Bangs Lab, 222 

Fishers, IN) [39] 223 

 224 
2.7 Statistical Analysis 225 

Statistical analyses were performed using SPSS for windows version 16.0 software (SPSS Inc, 226 

Chicago, IL, USA). The mean CR1 copy numbers per red cell and mean CD55 levels per red 227 

cell data are presented graphically for each age group as box plots, where the box represents 228 

boundaries between the 25th and 75th percentile, the line through the box represents median 229 



 

 

and whiskers the 10th and 90th percentile limits. Analysis of variance (ANOVA) was used to 230 

detect differences across age groups adjusting for factors and covariates. The independent 231 

samples t-test was used for comparisons of normal continuous data between two groups, while 232 

the Chi-square (χ2) and Mann-Whitney U tests were utilized to examine differences between 233 

proportions and for pair wise comparisons of medians, respectively. Bivariate logistic regression 234 

analysis was carried out to determine the Odds Ratio (OR) and the 95% confidence interval (CI) 235 

for CR1 copy numbers per erythrocyte and mean CD55 levels per red cell between HbAS and 236 

HbAA .The General Linear Method (GLM) was used to test between subject effects. The Chi-237 

square (χ2) test was used to compare proportions across groups. All tests were two-sided with 238 

α ≤ 0.05. 239 

240 



 

 

 241 

3. RESULTS 242 
 243 
3.1 Demographics 244 
 245 

Forty seven (47) and 69 children aged 0 to 192 months were enrolled in the HbAS and HbAA 246 

arms respectively as shown in table 1. There was no significant difference in gender, mean age 247 

in months and mean haemoglobin level between the two groups (P= 0.447, P= 0.059 and P= 248 

0.548 respectively). The mean CR1 level and mean antibody binding capacity under both 249 

normal and reduced oxygen saturation were comparable (P = 0.2432, 0.3651, 0.8155 and 250 

0.1700 respectively) 251 

 252 

 253 



 

 

 254 

Table 1 Demographic, Clinical and Laboratory Charac teristics of the Study Population 255 
 256 
Characteristic  HbAA (n = 69) HbAS (n = 47)  P 

Gender  
Male n (%) 28 (54.9) 23 (45.1) 0.447a

 

Female n (%) 41 (63.1) 24 (36.9) 
Mean Age in months (95% CI) 56.6 (37.3-75.9) 98.1 (53.5-142.8) 0.059a

 

Haemoglobin levels in g/dL (95% CI) 10.7 (10.3-11.2) 10.9 (10.5-11.4) 0.548 a
 

Mean CR1 copy #/Erythrocyte (95% CI) 471.6 (431.9-511.4) 509.4 (457.4-561.4) 0.346 b
 

Mean CR1 copy #/Erythrocyte Deoxygenated (95% 
CI) 

605.3 (561.0-649.6) 575.9 (532.1-619.7) 0.321 b
 

Mean CD55 ABC/Erythrocyte (95% CI) 2520.02 (2331.36-2708.68) 2671.4 (2388.0-2954.8) 0.813 b
 

Mean CD55 ABC/Erythrocyte Deoxygenated (95% CI) 2590.8 (2373.2-2808.4) 2934.2 (2609.1-3259.2) 0.169 b
 

Numeric P. falciparum read  
Negative n (%) 38 (61.3) 24 (38.7) 0.672 

Positive n (%) 31 (57.4) 23 (42.6) 

 257 

Data are presented as means (95% CI).  Children (n=116) were categorized according to the haemoglobin types into either HbAA (n=69) or 258 

HbAS (n=47). a:Statistical significance determined by the Chi-square analysis.   b Statistical significance determined by Mann-Whitney U 259 

test.   260 



 

 

  261 

3.2 Differences between Mean CR1 Copy Numbers betwe en HbAS and HbAA Cells 262 
under normal and reduced Oxygen Saturation  263 

The mean CR1 copy numbers before and after treatment with sodium dithionite are presented 264 

as box-and-whisker plots. The mean CR1 copy numbers per red blood cell was higher (509, 265 

[SD=177]) in the HbAS group than in the HbAA group (471 [SD=165]), this difference was 266 

statistically not significant (P = 0.243). When RBCs were treated with sodium dithionite, the 267 

mean CR1 copy numbers per erythrocyte were higher in both groups, for HbAS (576, [SD=149] 268 

and for HbAA (605, [SD=184] but again, there was no statistically significant difference between 269 

the two groups (P = 0.365) (Figure 1)   270 
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Figure 1 CR1 copy numbers between HbAS and HbAA red cells under normal and 272 
reduced Oxygen Saturation 273 
 274 
 275 
 276 
 277 



 

 

3.3 Differences in CR1 Copy Numbers between HbAS an d HbAA Red Cells in each 278 
Age Cohort 279 

The CR1 copy numbers per erythrocyte (Figure 2) was observed to be significantly higher in the 280 

49-192 months age group, HbAS [mean = 596.6, SD 168] and HbAA [mean = 468.6, SD = 99], 281 

P = 0.033. Overall, significant positive correlation was observed between the CR1 copy 282 

numbers per erythrocyte with age for all individuals in the HbAS and HbAA groups, r (116) = 283 

0.190, P = 0.041, CD55 levels: r(116)=0.417, P=0.000 and CD 55 levels after deoxygenation: 284 

r(116).=0.451 , P=0.000.    285 
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Figure 2: Mean CR1 Copy Numbers for HbAS and HbAA Red Cells across the 287 
various Age Cohorts 288 
 289 

 290 

 291 



 

 

3.4 Mean CR1 Copy Numbers per Erythrocyte for the v arious Age Cohorts by 292 
Haemoglobin Electrophoresis Results under reduced O xygen Saturation 293 

The CR1 copy numbers per erythrocyte was observed to vary with age for both HbAS and 294 

HbAA groups (figure 3). The mean CR1 copy numbers per erythrocyte after treatment with 295 

sodium dithionite for the various age cohorts are presented. Under reduced oxygen saturation, 296 

the mean CR1 copy numbers per erythrocyte was observed to be higher in the HbAA compared 297 

to the HbAS but this was not statistically significant. After the age of 96 months, the mean CR1 298 

copy numbers per erythrocyte was higher in the HbAS compared to the HbAA but again, this 299 

was not statistically significant. 300 
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 302 
Figure 3: Mean CR1 Copy Numbers for HbAS and HbAA Red Cells across the 303 
various Age Cohorts under reduced oxygen saturation 304 
 305 
 306 
 307 
 308 
 309 



 

 

3.5 Differences in Mean CD levels between HbAS and HbAA Red Cells under normal 310 
and reduced Oxygen Saturation 311 

There were no significant differences in the mean CD55 ABC between red cells of individuals 312 

with HbAS and those with HbAA. Mean CD55 ABC of HbAS cells (2671, [SD 149]) was higher 313 

than HbAA cells (2541, [SD 777]), However, this difference was not statistically significant P = 314 

0.816. Under reduced oxygen saturation, the mean CD55 ABC for the HbAS (2934, [SD 1107] 315 

was higher than for HbAA group (2591, [SD 906]). This again did not reach statistical 316 

significance (P = 0.1700) (Figure 5). 317 

 318 
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Figure 4: Mean CD levels of HbAS and HbAA Red Cells under normal and reduced 320 
Oxygen Saturation 321 
 322 
 323 
 324 
 325 
 326 



 

 

3.5.1 Differences in Mean CD levels of HbAS and HbA A Red Cells in each Age Cohort 327 

There was no statistically significant difference between the mean CD55 level per erythrocytes 328 

between HbAS and HbAA in the 0-12, 13-48 and 49-192 months age cohorts (P= 0.6028, 329 

0.7746 and 0.2539 respectively) (Figure 5) 330 
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Figure 5: Mean CD levels for the various Age Cohorts  332 

 333 

3.5.2 Mean CD levels for the various Age Cohorts un der Reduced Oxygen saturation 334 

Reduced oxygen saturation resulted in greater increase in the mean CD55 ABC for the HbAS 335 

erythrocytes between the ages of 49-192 months. The mean CD55 ABC for the HbAS was 2934 336 

(SD 1107) compared to HbAA which was 2591 (SD 906). This difference was statistically 337 

significant (P=0.011) 338 
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Figure 6: Mean CD levels for the various Age Cohorts under reduced Oxygen 340 
Saturation  341 

. 342 

4. DISCUSSION 343 
 344 

This study has shown that the mean CR1 copy numbers per erythrocyte was significantly higher 345 

in the HbAS than in the HbAA individuals only in the 49-192 months age cohort (P = 0.0332) 346 

under normal oxygenation. It is possible that beyond the age of 49 months, the high mean CR1 347 

copy numbers per erythrocyte could translate to higher immune complex binding capacity and 348 

decreased immune complex deposition on the red blood cells and this could protect the red 349 

cells from immune complex mediated destruction. Although the mean CD55 ABC for the HbAS 350 

and HbAA were comparable in the various age cohorts under normal oxygenation, the mean 351 

CD55 ABC for the HbAS in the 49-192 months age cohort after deoxygenation was much higher 352 

in the HbAS (mean 3466[SD1092]) than in the HbAA (mean 2373[SD752]). This difference was 353 



 

 

statistically significant (P=0.011). We postulate that the apparent increase in CD55 under low 354 

oxygenation may be due to conformational changes in CD55 and this may result in decreased 355 

complement susceptibility of these cells.  356 

Natural resistance to malaria based on the inheritance of selected genes that confer protection 357 

has been observed in a few individuals living in malaria endemic areas [40, 41]. The relative 358 

protection of the sickle cell trait against clinical malaria increases throughout the first 10 years of 359 

life, returning thereafter to baseline [42]. Transgenic mice expressing sickle cell haemoglobin 360 

(HbS) are protected from rodent malaria [16] and rodent cerebral malaria [43]. In humans HbS 361 

provides selective protection to heterozygous sickle cell trait individuals (HbAS) against death 362 

from Plasmodium falciparum malaria while homozygous sickle cell trait individuals (HbSS) suffer 363 

severe clinical effects [12, 44-46]. Studies carried out in The Gambia [14]) and Kenya [47, 48] 364 

have indicated that HbAS provides more than 90% protection from both cerebral malaria and 365 

severe malarial anemia in children. The mechanism of malaria protection by HbAS is not well 366 

understood but has been suggested to be due to enhancement of acquired immunity to the 367 

parasite [42, 49] and innate factors such as impaired parasite growth in erythrocytes containing 368 

HbAS attributable to conditions of low oxygen tension [50]. A recent study [51] in the same 369 

population has shown that the protection afforded by HbAS against severe manifestations of 370 

malaria may be partly due to higher immune complex binding capacity of the HbAS compared to 371 

the HbAA red cells and this could result in protection of these cells against malaria. This high 372 

immune complex binding capacity could be partly due to the high CR1 levels and the high CD 373 

55 levels when these cells undergo deoxygenation 374 

 375 

5. CONCLUSIONS 376 

In conclusion, we report for the first time that the mean CR1 copy numbers per erythrocyte is 377 

higher in the HbAS than HbAA individuals between the ages of 49-192 months. When the cells 378 

were subjected to deoxygenation, the level of CD55 was greater in HbAS RBCs than in HbAA 379 

RBCs between 49-192 months of age. This is most likely due to conformational changes of the 380 

CD55 molecule leading to increased availability of the epitope. this apparently has an effect on 381 

the immune complex binding capacity of these cells and may partially explain the protection 382 

afforded by the HbAS cells against severe manifestations of malaria. 383 



 

 

These results taken together may translate into protection of the HbAS individuals against 384 

severe manifestations of malaria. 385 
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